Lung cancer remains a major cause of cancer-related lethality because of high incidence and recurrence in spite of significant advances in staging and therapy. In present study, we identified a subpopulation of cells isolated from the A549 cell line with marker CD133. In vivo results showed that A549 CD133 + cells displayed high liver metastatic potential. Severe liver cell damage with tumor cell invasion revealed by pathological examination and these changes were consistent with the results of serological tests where the plasma GPT and GOT level are significantly higher than that of the control group. Compared with A549 cells, A549 CD133 + cells expressed high levels of VEGF and exhibited high migration and invasion capability. In conclusion, we first reported that A549 CD133 + cells exhibited characteristic of high liver metastatic potential which makes it be a suitable model for further study of liver metastasis of lung adenocarcinoma and provide a potential platform for antimetastatic drug discovery or evaluation.
Lung cancer is one of the most aggressive neoplasms in the world [1] . Despite management and treatment of lung cancer has been improved these years, but the prognosis remains poor, the 5-year survival rate of non-small cell lung cancer (NSCLC) is no more than 15 % [2] . Approximately 50 % of NSCLC patients with stage I and II will die from recurrent disease despite conventional therapy, and nearly 70% of lung cancer patients will die from metastatic disease, even after surgical resection of the primary tumor, radiation therapy, and chemotherapy [3] . Thus, it is important to find novel effective therapies to inhibit lung cancer metastasis.
The most common four metastatic sites of patients with solitary metastatic NSCLC were: bone, liver, kidney and spleen [3] . Nevertheless, the mechanism of which lung adenocarcinoma selectively disseminated to certain organs remains unknown. However, experimental reproducible animal models facilitate to understand the process of metastasis and can provide suitable models for basic or preclinical studies.
Different kinds of cancer metastasis model have been published yet. Early in 1996, Iguchi H et al [4] have established lung cancer metastasis model with human lung squamous cell carcinoma-derived cells (HARA). In 1959, Leduc [5] was the first to describe liver metastasis in mice after injection of hepatoma carcinoma cells in the spleen. Moreover, the liver metastasis models in nude mice of colon carcinoma have been successfully established [6, 7] . Early studies in immunodeficient mice illustrated that subcutaneous injection of tumor cells seldom give rise to liver metastases [8] .
However, no lung adenocarcinoma liver metastasis model has been published so far. CD133 as a marker of cancer stem cells (CSCs) has been demonstrated in many cancers including lung cancer [9] [10] [11] [12] [13] . The CSCs theory indicated that subpopulation of tumor cells with stem or progenitor cell characteristics can initiate tumor formation and tumor recurrence and play essential roles in the metastatic spread of primary tumors and drug resistance [14, 15] .
In our study, we isolated a cell subpopulation expressing CD133 from A549 cell line with high liver metastasis potential which could be implemented by subcutaneous injection. It is the first report on a lung cancer cell line with high liver metastasis character, which could be applicable to establish lung cancer metastasis model and also could provide a new method of studying lung cancer metastasis. , the mice were sacrificed and the tumor was harvest sterilely.
Materials and methods

A549
The tumor was cut into pieces with sterilized scissors, and then incubated with 0.25 % trypsin/EDTA at 37 °C in a humidified 5 % CO 2 atmosphere for 15 min. The supernatant was filtered by a 200 mesh sieve and transferred into the centrifuge tube, 800 × rpm centrifugated for 5 min. The obtained cell were resuspended in the F12 medium and incubated at 37 °C, 5 % CO 2 atmosphere. F12 medium is supplemented with 10 % fetal bovine serum, 2 mmol/ml glutamine, 100U/ml penicillin and streptomycin. Cells were passaged with 0.25 % trypsin/EDTA every 3-4 days. A549 CD133 + cell separation. In vivo passaged A549 cells were incubated at 4 °C with R-phycoerythrin (PE)-conjugated anti-CD133/1(AC133) antibody (Miltenyi Biotec, Auburn, CA, USA) in dark for 20 min then 4 °C centrifugated 300 × g for 10 min. The supernatant was removed and cells were resuspended in 1 ml PBS and filtered by a 200 mesh sieve. Washing steps was repeated and finally the cells were resuspeneded in 1 ml PBS and analyzed by flow cytometry (FACS Aria II; BD Biosciences, Special Order System, USA). CD133 + cells were sorted using a FACS Aria II cell sorter, gathered and cultured in serum free medium (SFM) consisting of DMEM-F12 medium supplemented with 20 ng/ml epidermal growth factor (Peprotech, Rocky Hill, NJ, USA), 20 ng/ml basic fibroblast growth factor (Peprotech, Rocky Hill, NJ, USA), B27 (Invitrogen Life Technologies, Grand island, NY, USA), 2 mmol/ml glutamine, 100U/ml penicillin and streptomycin. Cells were incubated at 37 °C in a humidified 5 % CO 2 atmosphere, passaged with 0.05 % trypsin/EDTA every 3-4 days.
In vitro sphere formation assay. 1ml 1.2 % bottom-layer HyAgarose with low melting-point medium (Hydragene Co, Xiamen, China) mixed with equal volume of F12 medium which has a final concentration of 1 0% fetal bovine serum, 2 mmol/ml glutamine, 100 U/ml penicillin and streptomycin were add into 24-well plates (Costa, corning, NY, USA) and allowed to solidification at room temperature for 2 h.
Cells were plated in 24-well plates at a density of 5000-10000 viable cells/ml on the bottom-layer HyAgarose and grown in 0.7 % HyAgarose with low melting point-medium mixed with equal volume of F12 medium which has a final concentration of 10 % fetal bovine serum, 2 mmol/ml glutamine, 100 U/ml penicillin and streptomycin. Cells were further allowed to grow at 37 °C in a humidified 5% CO 2 atmosphere for 21 days and the numbers of spheres were counted by microscope.
In vitro migration and invasion analysis. Cell invasion was evaluated with matrigel-coated Transwell cell culture chambers equipped with a filter membrane with 8 μm pores size (Corning Costar, NY, USA). Cell migration was evaluated in the same Transwell cell culture chambers without matrigel. 100 μl serum-free DMEM-F12-diluted Matrigel (5 mg/mL) was added to the Transwell filters of the chambers and incubated at 37 °C for 2 h to form a matrix gel. Cells were plated at a density of 1 × 10 4 cells per well in the upper well of the Transwell chamber. As the chemoattractant, 600 μL DMEM-F12 containing 10 % fetal bovine serum was added to the lower chamber. After incubation at 37°C, in a humidified 5 % CO 2 atmosphere for 24 h, non-invasive cells in the upper chamber were removed by wiping with a cotton swab, and invasive cells were fixed with 20 % ethanol and stained with 0.1 % crystal violet in 20 % ethanol. The cells that had invaded across the matrigel and passed through the Transwell filter were counted under a light microscope.
Real-time quantitative PCR. Analysis of mRNA expression of vascular endothelial growth factor A (VEGF-A), VEGF-B and matrix metalloproteinase 2 (MMP-2) were performed by RT-PCR amplification. Total RNA was extracted from the A549 cells and A549 CD133
+ cells with TRIzol Reagent (Invitrogen) according to the manufacturer's instruction. cDNA was synthesized from 2 μg of RNA using the RNA Transcript kit (Transgen Biotech, Beijing). Real-time quantitative PCR (RTqPCR) was carried out with SYBR Premix Ex Taq TM (TAKARA Biotechnology, Dalian, China) using the ABI Prism 7500 PCR system (ABI, USA).
The PCR primer sequences are provided in Table 1 . The amplification conditions were 95°C for 1 min, followed by 40 cycles of 95 °C for 20 sec, 60 °C for 30 sec and 72 °C for 
10 sec. Beta-actin was used as internal control. Relative expression levels of the genes were calculated using the ΔΔCT method.
In vivo analysis of lung cancer metastasis in nude mice. A549 CD133 + cells were harvested, washed with PBS and resuspended in PBS diluted matrigel. For subcutaneous injection, 10 5 cells were injected into the armpit of mice (n = 26, xenograft group) and for tail vein injection, 5 × 10 4 A549 CD133 + cells suspended in PBS for each mice (n = 8). Saline as control were injected subcutaneously into the armpit of mice (n = 4). All mice were anesthetized and killed by cardiac blood collection on day 31 after injection respectively. Brain, heart, lung, liver, spleen, kidney and tumor from each nude mouse were collected and metastasis nodules counted by gross, stored at -70 °C. Half of the organs were fixed with 4% paraformaldehyde.
Histopathological analysis. Different organs of the nude mice fixed with 4 % paraformaldehyde were embedded in paraffin. The tissue was cut in thin sections (4 μm), stained with hemotoxylin and eosin (HE) and then evaluated.
Serological test. The nude mice were anesthetized with an intraperitoneal injection of 50 mg/kg pentobarbital sodium, and blood sample was collected from the left cardiac ventricle of the nude mice with 1 ml syringe (BD, USA). The blood was then transferred into an anticoagulant tube, 4 °C 1000 × g centrifugation for 15 min, the supernatant as plasma was removed to an new Eppendorf tube, store at -20 °C.
Plasma α-fetoprotein (AFP) level is measured with Mouse Alpha Fetoprotein Elisa Assay Kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), glutamic-pyruvic transaminase (GPT) level is measured with Glutamic-pyruvic Transaminase Kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and glutamic-oxaloacetic transaminase (GOT) level is measured with Glutamic-oxaloacetic Transaminase Kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Statistical analysis.
Results are expressed as Mean ± S.E. Statistical analysis was performed using Student's t test or a 1-way or 2-way analysis of variance (ANOVA) test. P < 0.05 was considered to be statistically significant.
Results
Isolation and culture of A549 CD133
+ cells from A549 cells. In order to make the A549 cell line more resemble to the original primary tumor, the xenografted tumor was harvested and cultured in vitro. A549 cells which have been passaged in vivo were observed under microscope with no difference on cell morphology with A549 cell line. (Fig.1) A549 CD133 + cells were sorted by flow cytometry and the positive rate was about 1.8 % (Fig.2) .
A549 CD133 + cells were cultured in SFM and grew in floating tumor spheres. When passaged in the same medium the spheres were digested into single cells and the tumor spheres reformed about 10 days later. However, A549 cells grew as adherent cells in F12 containing 10 % FBS, even after several passages, there were no spheres detected.
Sphere formation of A549 CD133 + and A549 cells. Significance difference is found in sphere formation between the two cell lines. In vivo analysis of lung cancer metastasis in nude mice. In our experiment, liver metastasis was found in 22 mice of matrigel group. Meanwhile five in eight mice of the tail veil group were found with liver metastasis. The liver metastasis rate is 79.41 %. Spleen metastasis was only found in 1 mice of matrigel group with a spleen metastasis rate of 2.94 %. Other organs were not observed metasrasis.
Gross and histological examination of normal liver and liver metastasis sites were showed in Fig.4 .
HE stain revealed that liver tissue with metastatic tumor cell exhibited a very clear difference in liver cell hystologic appearances compared with normal liver tissue. Severe damage of liver is displayed in the xenograft group and tumor cell could be seen invaded in the liver. Plasma AFP, GPT and GOT level between liver metastasis in mice and control mice Since the high liver metastasis rate of in vivo assays, we performed plasma AFP, GPT and GOT detection. Fig.5a displayed that the slight increase of AFP was detected in xe- nograft group compared to the control group. Concentration of GPT and GOT in mice plasma were shown in Fig.5b which indicate that both the GPT and GOT of xenograft group were about 11.3 folds and 2.7 folds higher than those of the control group respectively.
Discussion
Lung cancer is one of the most mortal malignant diseases in the world with NSCLC accounting for 80 % of lung cancer. Current treatment such as chemotherapy have poor efficacy largely due to the recurrence and metastasis of lung cancer. Liver metastasis of lung cancer is very common. However, lung cancer cell model of liver metastasis is rarely seen. In our study, we identified a cell subpopulation isolated from A549 cell line exhibited high liver metastatic potential, which was the first report of a lung cancer liver metastasis model.
Our results showed that CD133 + cells isolated from A549 cells by flow cytometry which accounting for a small percentage of A549 cells at 1.8 % which was consistent with previous reports, where the proportion was between 0.98 %~3.9 % [10, 16, 17] . The tumorigenicity of the tumor cell lines was enhanced after in vivo passage which was reported in previous studies [18] [19] [20] [21] . A in invo passage strategy was also adopted in present study. A549 CD133 + cells exhibited significantly higher sphere-forming, migration and invasion abilities than their counterpart A549 cells, with high expression levels of VEGF-A, VEGF-B. Since CD133 + cells were sorted from the A549 cells which also have been in vivo passaged, we thought the difference between CD133
+ cells and A549 cells may be due to unique characteristic of CD133 + cells [22] [23] [24] . It need to be noticed that Meng et al studied the CD133 + and CD133 -A549 cells and found that they exhibited similar abilities of colony formation, invasion [16] . The difference may lie in two aspects: firstly, they use the sub-cloning method to acquire the cells for colony formation and tumorigenicity assay, which have been screened with high ability in forming colonies and was nearly no correlation with the marker they expressed; Secondly, the obtained A549 CD133 + cells in our study were cultured and maintained in serum-free medium supplemented with B27 and A549 cells and cultured in a medium containing serum. Since culturing condition is very important for the stem cells to maintain their properties, it may be a critical factor to bring about contradictory results.
Among the examined genes, only MMP-2 showed decreased expression in A549 CD133 + cells, the other two genes were elevated. Angiogenesis plays an important role in the progression and metastasis of solid tumors. VEGF is a potent proangiogenic growth factor expressed by most cancer cell types [25] . VEGF stimulates endothelial cell proliferation, migration and tube formation [26] . In fact, tumor growth beyond 1 ± 2mm 3 which contributes to the metastatic process carrying cancer cells into the circulation is strictly dependent on angiogenesis [27] . The over expressed genes showed that A549 CD133 + cells had characters of angiogenesis which correlated with its ability of liver metastasis.
In vivo results indicated high liver metastasis potential of A549 CD133 + cells at a metastasis rate of 79.41 %. Histopathological and serological studies also supported the outcomes of liver metastasis.
Hepatic carcinoma is one of the common reasons cause high AFP which is important in the diagnosis of hepatic carcinoma (HCC) [28] . Presented results showed that AFP level was only slightly elevated. Significant elevated AFP was commonly seen in primary hepatoma patient, indicating there was different mechanism between metastatic hepatoma and primary hepatoma. Elevation of serum hepatic enzymes such as GPT and GOT are important diagnostic proprognosis indexes for liver injury and predictive of death associated with liver disease and hepatoma [29, 30] . GPT is found primarily in the liver cell cytoplasm, intracellular 1000-3000 times higher than the serum concentration. As long as 1 % of the liver cells are destroyed, GPT will be doubled increased. Therefore, GPT is recommended by the World Health Organization as the most sensitive detection indicators of liver dysfunction. In our study the GPT in A549 CD133 model was 11.3 times higher than that of the control group indicating the liver damage. GOT mainly distributed in the mitochondria and cytoplasm of liver cells. The serum GOT level in xenograft group was 2.7 times higher than that of control group. This serological result is consistent with our histopathological studies.
Several animal models for lung cancer metastasis have been reported during these years such as systemic metastasis models, bone-specific metastasis model and so on [31] [32] [33] [34] [35] . Moreover, high-skilled operation such as cardiac injection and tail vein injection are needed, which was accompanied by high animal mortality and lower success rate [35] [36] [37] . With regard to the A549 CD133 + cells, it could be easily obtained through flow cytometry and cells inoculated subcutaneously in nude mouse could be employed to establish spontaneous liver metastasis model. Obviously, the method is more simple and efficient with low mortality. Our results showed A549 CD133 + cells induced a high liver metastasis rate (~80%) which indicated the good quality of liver metastasis and was supported by the histopathological analysis and serological test. But it should be stressed that quality control is the key in proposing a new model, more researches are needed to establish the corresponding standard to evaluate this model.
Conclusion
To our knowledge, it is the first report of liver metastasis potential of A549 CD133 + cells. Our present data demonstrated that A549 CD133 + cells exhibited high liver metastasis potential consistent with the severe liver cell damage in pathological examination and serological tests of plasma GPT and GOT results. It may provide a new method for study of liver metastasis of lung adenocarcinoma.
